INTRODUCTION
Man spends about one third of his life in bed, so it is therefore important for us to pay close attention to the surfaces on which we occupy so much of our time. When studying mattresses it is necessary to consider both the physical properties of the material as well as psychological factors such as the comfort of the sleeper. It is unfortunate that science has given so little attention to these psychological factors. According to Belart1), there are three requirements that apply to mattresses on medical grounds; comfort when lying down, good heat retention and adequate absorption of perspiration. Belart and another researcher, Grandjean2) said that comfort when lying down was especially important and should be taken up experimentally.
Comfort is a complex phenomenon and experiments investigating it have not shown any decisive results to date. Moreover a research methodology for assessing and interpreting comfort has yet to be set up. When formulating a measurement index for comfort, an objective indicator is necessary. Mattresses are an integral part of sleep, therefore a suitable objective indicator must reflect the various elements and quality of sleep. To date the study of sleep quality has chiefly dealt with the field of (EEG). However, as EEG recording necessitates the use of a laboratory and the attachment of electrodes and wires, the recordings might not provide an accurate assessment of the subject's usual sleep pattern8, 9) . centered on the recording of body movements.
The instruments necessary for recording body movements are cheap. Simplicity of treatment, and the fact that no electrodes are used indicate that body movements recorded are likely to give a more accurate assessment of the subject's usual sleep pattern.
In this way it is possible to observe for long periods at a time, which is important when studying the comfort factors of mattresses. From these aspects, the most valid method of recording sleep for the purpose of studying mattress comfort is through body movements. (Table 1 ). Data recorded on a menstrual night or on a night when subjects were in poor physical condition were omitted, so each sample size is shown in Table 2 and Table 3 . The objectives of Experiments I and II were to study the subject's body movements as an indicator of comfort and Experiment III was to study the individual differences of body movements.
Recording methods of body movements
All-night recordings of body movements were conducted using two methods; the air-mattress method (Experiment I) and the cable method (Experiments II and III). The principle of the air-mattress In each method, body movement was recorded as a spike. The following 4 points were taken into consideration for interpreting the data; 1) If the spike was higher than 0.13 mv, it was regarded as a body movement. 0.13 mv was chosen because this was the smallest potential that was readable with the naked eye. 2) Continuous body movements within a 30-sec period were regarded as one body movement ( Fig. 1-C) .
3) A period of more than 10 min in sleep latency was regarded as indicating that the subject had fallen asleep16), and the data were read after the subject fell asleep. 4 Table 2 shows the relation between the subject's feeling on awakening and the 10 sleep parameters. By using the Student's t-test only 5 parameters such as FB, MR, MAR, TMAR and FMAR showed a significant difference in the means of the 2 categories on the dependent variable -a comfortable feeling (CF) and an uncomfortable feeling (UF). The mean of FB was recorded at 4.3 movements which indicated CF and at 5.5 movements which indicated UF, therefore FB increased significantly from CF to U F (t:p<0.01).
The mean of MR was recorded at 13.2min which indicated CF and at 10.5min which indicated UF, therefore MR decreased significantly from CF to UF (t:p<0.01). MAR was recorded at 73.0min which indicated CF and at 44.8min which indicated UF, therefore MAR decreased significantly from CF to UF (t:p<0.01). The mean of TMAR was recorded at 5.3min which indicated CF and at 114.4min which indicated UF, therefore TMAR increased significantly from CF to UF (t:p<0.05). The 
Experiment II
Experiment I clearly showed that the feeling on awakening had a direct connection with the 5 sleep parameters, so in Experiment II the data was analyzed using only these 5 parameters (Table 3) . Both FB and MR showed the same tendency as the results in Experiment I (FB increased and MR decreased from CF to UF), but the data for Subject A did not show any significant change. MAR showed the same tendency as the result in Experiment I (MAR decreased from CF to UF). Both TMAR and FMAR showed the same tendencies as the result in Experiment I (both TMAR and FMAR increased from CF to UF). But the data of TMAR for Subjects B and D, and the data of FMAR for 4 subjects did not show any significant change.
Experiment III
The results were shown in Table 4 . FB and MR clearly showed the individual's different reactions but MAR, TMAR and FMAR did not show any significant change in the individual's reactions.
That is, in the group of female students aged 18-20 yrs, 3 parameters (MAR, TMAR and FMAR) out of the 5 investigated went for the most part unchanged. The average recording time for MAR was 70.7min, that for TMAR was 167.3min and the FMAR was 10.5 movements. Fig. 3 shows FB on each subject. The data of the 16 subjects was clearly divided into 2 groups; the data variance was minimal for Subjects S2, S3, S15 and S16 while on the other hand, it was quite large for Subjects S4, S7 and S10. Ten subjects had similar reactions during the experiment. is another valid method which shows whether the sleep quality was good or not and what effect it may have on the subject's ability to function during the day. The feeling on awakening is a very important factor to consider when monitoring sleep. There are, however, very few papers which have included this aspect. Therefore the relation between sleep quality and the feeling on awakening is still unknown.
DISCUSSION
The objective of this study was to investigate whether the feeling on awakening could be predicted by measuring body movements. Two important results were obtained. First, in the experiment where 5 subjects were monitored over the course of several nights, the data clearly shows that the feeling on awakening was directly related to 5 sleep parameters-FB, MR, MAR, TMAR and FMAR-which were disclosed by measuring body movements.
Three of these parameters-FB, MR and MAR in particular, showed a significant difference between 2 categories of the feeling on awakening.
(The data for Subject A was an exception, as both FB and MR were unclear.
However the relation between that subject's feeling and body movements were very distinct, so-the data was dealt with in the same manner as the data from the other 4 subjects.) Second, in the experiment where 16 subjects were monitored once every 8 days, it was clear that both FB and MR showed the individual's different reactions and that MAR, TMAR and FMAR, on the other hand, showed no remarkable reaction at all. Though FB and MR are both physical properties, in the case of one person FB and MR showed a clear relation with the psychological aspects of sleep, that is, when there was a comfortable feeling on awakening FB was minor and MR was longer. Yanase et al.19) reported that a person whose weight was below average did not move very often during sleep because the blood vessels were not suppressed.
In this study it was thought that differences in subjects' physical condition affected the individual's body movements, so that FB and MR showed the individual's reactions.
Further studies are necessary before drawing definite conclusions on this problem. MAR, TMAR and FMAR showed no remarkable variance in reaction which made it clear that these 3 parameters were not significant factors for this group of female students. Both TMAR and FMAR measured the existence of MAR. If MAR was observed in the early stages of sleep, the data of these 2 parameters showed minor variance, while on the other hand if MAR was observed in the later stages of sleep, the data showed considerable variance.
Jovanovic12,20) reported that 2 types of sleep existed in the normal person; morning type and evening type. A person whose pattern of sleep falls within the morning type is said to be energetic in the morning and a person whose pattern falls within the evening type is said to be energetic in the evening. In this study all the subjects were students, so the morning type was desirable for them. In fact the results of TMAR and FMAR showed minor variances. On the other hand, in the case of a person who works in the evening or night, the evening type is desirable for the person. Thus the type and depth of sleep directly effect human daily routine. Sleep type is an individual problem, therefore it could be stated that TMAR and FMAR were not universal as an indicator of comfort.
Consequently
FB, MR and MAR appear to be the best parameters as indicators of the feeling on awakening, that is, comfort.
Subjective assessment of comfort can be made objectively using these 3 parameters.
It can be said that a comfortable feeling on awakening occurs when FB is minor and both MR and MAR are longer. It is possible, therefore, to gain objective data concerning comfort using the 3 parameters during a defined term. When considering the evaluation of a mattress using these 3 parameters, an experimental design, such as the latin square design, is necessary so that it has no effect on the individual's sleep pattern. After an experimental design is developed, it could be used to make a comparative study on various mattresses using the 3 parameters, which could be a great advantage to the manufacturers.
CONCLUSIONS
This study was conducted in order to make a distinct relation between the psychological factors and the physical aspects of sleep.
The following results were obtained:
1) The feeling on awakening was distinctly related to 5 sleep parameters such as FB, MR, MAR, TMAR and FMAR, and for a comfortable feeling on awakening FB was minor, both MR and MAR were longer, TMAR was shorter and FMAR was minor.
2) By using the Student's t-test and the Mann-Whitney U-test, FB, MR and MAR showed a significant difference between a comfortable feeling and an uncomfortable feeling. 3) Both TMAR and FMAR were connected with the existence of MAR and were affected by sleep type.
Sleep type is an individual problem, therefore these 2 parameters are not universal as an indicator of comfort. 4) FB and MR showed the individual's reactions, and MAR, TMAR and FMAR showed no remarkable reaction.
5)
Consequently FB, MR and MAR are the best parameters to use as an indicator of comfort, and after an experimental design which in no way interrupts the individual's sleep pattern is developed, a comparative study on various mattresses can be conducted.
